Purpose: Aortic augmentation index (AIx) and cardiovagal tone (CVT) are indicators of cardiovascular health. Associations between these variables provide information about their roles in cardiovascular disease. However, evaluating these associations from a gender perspective and gaining an understanding of the relationship between cardiorespiratory fitness and AIx based on gender can provide additional information. Therefore, we examined the relationships between CVT, measured as the log transformed high-frequency power of R-R intervals from electrocardiogram measurements (lnHF R-R ); cardiorespiratory fitness, measured as maximum oxygen consumption (VO 2 max); and AIx at a heart rate of 75 beats•min -1 (AIx@75). We hypothesized that the relationships between CVT, cardiorespiratory fitness, and AIx@75 would differ based on gender. Methods: We examined the associations between lnHF R-R , VO 2 max, and AIx@75 in 41 women and 39 men. Power spectral density analysis of heart rate variability determined lnHF R-R , radial tonometry determined AIx@75 and the Bruce Treadmill Protocol determined VO 2 max. Results: In men, lnHF R-R positively correlated with and significantly predicted AIx@75 (P = 0.005) but not in women (P = 0.49). For every unit increase in lnHF R-R , there was a 4.6 unit increase in AIx@75 in men versus a 1.0 unit increase in women. There was a significant inverse relationship between VO 2 max and AIx@75, with VO 2 max being a significant predictor of AIx@75 in men (P = 0.01). For every unit increase in VO 2 max, there was a 0.60 unit decrease in AIx@75 in men versus a 0.2 unit decrease in women. Conclusions: The associations beHow to cite this paper: Latchman, P.L., Thiel, R., Gates, G., Zhu, W.L., Axtell, R., Gardner, K., Lunn, W. and DeMeersman, R. 
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Introduction
Aortic pressure augmentation and cardiovagal tone (CVT) are indicators of cardiovascular health. Aortic pressure augmentation can be expressed as a percentage of pulse pressure [1] , referred to as the augmentation index (AIx). When adjusted to a standard heart rate of 75 beats•min -1 , AIx is denoted as AIx@75. AIx is used as a measure of arterial stiffness [2] [3] . Arterial stiffness is considered to be a marker of subclinical vascular disease and an independent predictor of coronary heart disease and stroke in apparently healthy individuals [4] and a predictor of mortality in symptomatic individuals [5] . Additionally, AIx values have been found to strongly correlate with the risk of developing coronary artery disease in asymptomatic individuals with no prior history of coronary artery disease [6] , and AIx along with augmentation pressure are considered to be strong independent risk markers for premature disease of the coronary arteries [1] and all causes of cardiovascular death [7] .
Heart rate variability (HRV) as a measure of autonomic modulation can be used in the establishment of CVT. More specifically, the log transformed high-frequency (HF) power of R-R intervals from electrocardiogram (ECG) measurements (lnHF R-R ) can be used to determine CVT. There is an association between reduced HRV and mortality [8] [9] [10] and HRV has been demonstrated to be significantly associated with the development of coronary heart disease in diabetics [11] .
Since AIx and CVT are important determinants of cardiovascular health, it is important to comprehend the relationship between these measures, in an effort to elucidate the roles these determinants play in the cardiovascular health mosaic. This understanding could be significantly increased by gaining knowledge of how other factors, such as gender, cardiorespiratory fitness, age and ethnicity, affect this relationship. Gender is of particular importance as it has been shown to influence the development of coronary heart disease [12] and readmission to the hospital within the first year after myocardial infarction [13] . Cardiorespiratory fitness can be determined by maximum oxygen consumption (VO 2 max). Regarding cardiorespiratory fitness, increased cardiorespiratory fitness has been shown to have an inverse association with AIx in men [14] [15] and a positive impact on coronary heart disease [16] and heart failure [17] . However, there is need for further research to corroborate the association between cardiorespira-Open Journal of Molecular and Integrative Physiology tory fitness and AIx.
Despite the increased knowledge to be gained from examining the relationship between AIx and CVT from a gender perspective, there is a paucity of research in this area. Such research could lead to clearer concepts of the pathophysiological involvement of AIx and CVT in cardiovascular disease.
Therefore, the purpose of this study was to examine the association between AIx@75 and CVT in men and women. Additionally, since cardiorespiratory fitness affects AIx and cardiovascular health, the secondary purpose of this study was to determine the association between cardiorespiratory fitness and AIx@75 in men and women. We hypothesized that the associations between CVT, cardiorespiratory fitness, and AIx@75 would differ based on gender.
Methods

Subjects and Test Procedures
The total sample recruited for the study included 82 participants from the Participants arrived for testing between 7:00 and 10:00 a.m. Prior to arrival they were advised not to exercise or consume food for 48 and 12 hours, respectively, prior to testing but were allowed to drink water. Women were tested within the first five days after menstruation to standardize and minimize the influence of hormonal levels on autonomic function [18] . The assessments were performed in a temperature controlled room with an ambient temperature of 21˚C. Anthropometric measurements were taken, and after 5 minutes of seated rest, two to three blood pressure measurements were taken; the mean value was used to indicate systolic blood pressure (SBP) and diastolic blood pressure (DBP).
Assessment of AIx
The SphygmoCor system (AtCor Medical Pty Ltd., West Ryde, Australia) used pulse wave analysis [19] to determine AIx. A high-fidelity transducer applanation tonometer was placed over the left radial pulse. The system then analyzed the radial waveform via the use of a generalized transfer function that was validated intra-arterially [20] [21] to determine AIx, which was established as the difference between the main outgoing wave and the reflected wave of the central waveform, expressed as a percent of the central pulse pressure. Since heart rate has an effect on pressure augmentation [3] [19] , AIx values were adjusted to a standard heart rate of 75 beats•min -1 , denoted AIx@75. Measurements were taken from the left radial pulse after 6 minutes of rest in a seated position. The
SphygmoCor system automatically captured the data when the incorporated quality control component determined that the data were accurate. All collected data conformed to a research imposed ≥90% threshold of accuracy, determined by the system.
Assessment of HRV
Participants were then instrumented with a Nexfin monitor (BMEYE, Netherlands), which used ECG to determine continuous R-R interval measurements, which were taken for 8 minutes in a seated position at a sampling frequency of 1000 Hz. Participants were asked to breathe at 12 breaths•min −1 (0.2 Hz) guided by a light moving up and down on a computer screen. This breathing protocol was implemented to avoid the effect of a varied respiratory rate on spectral distributions [22] .
Power spectral density analysis of HRV via the fast Fourier transform was 
Determination of VO2max
VO 2 max was used as a measure of cardiorespiratory fitness; values were derived using a ParvoMedics TrueOne 2400 metabolic measuring system (ParvoMedics, Sandy, UT). VO 2 max testing was performed on a computer-controlled, motorized
Trackmaster Treadmill (Full Vision Inc., Newton, KS) using the Bruce Treadmill
Protocol [24] . The fatigue level of participants was assessed via the Borg rating of perceived exertion scale; this assessment was taken at the end of each stage of the protocol. The stage progressed from the previous one every 3 minutes by increasing the work rate (speed and grade), until VO 2 max was reached. VO 2 max was confirmed in all subjects by obtaining a combination of at least two of the four following criteria: a plateau in oxygen consumption despite an increased work rate; a respiratory exchange ratio (RER) > 1.10; a heart rate within 10 beats•min -1 of the age-predicted maximum (220-age); or volitional fatigue. Data from any participants who did not meet two of these criteria were not retained for the analyses.
Statistical Analysis
Means and standard deviations are presented for the descriptive characteristics 
Results
Only 80 of the 82 participants completed the study protocol (41 women, 39 men). Table 1 (a) shows the sample descriptive statistics (mean ± standard deviation) for the participants in this study, by gender and combined. shows the sample statistics for the variables of AIx@75, lnHF R-R , and VO 2 max, by gender and combined. Independent sample t-tests indicated significant differences in the means between men and women for the descriptive variables of height, with men having greater height (P < 0.001) and greater body mass (P < 0.001); SBP and DBP were also significantly higher in men (P < 0.001) and (P < 0.004, respectively; Table 1 (a)) versus women. Gender differences were also found for VO 2 max, with men having greater VO 2 max (P < 0.001) and women having greater AIx@75 (P < 0.001; Table 1 (b)). The P values for all the significant differences were less than the family-wise Bonferroni corrected P value of 0.005. Table 2 shows significant correlations between AIx@75, lnHF R-R , and VO 2 max in men but not women. A stepwise multiple linear regression was performed with AIx@75 as the outcome and lnHF R-R , VO 2 max, and gender (dummy variable) as the predictors. Table 3 shows the model summary for this analysis. Here it was demonstrated that the variable entered at each stage of the model's development accounted for a significant increase in the overall robustness of the model, which accounted for 29.6% of the variation in AIx@75. In this model VO 2 max accounts for 19.7% of the variation in AIx@75, while lnHF R-R and gender account for 6.1 and 3.8%, respectively. Table 4 shows that when the main Table 2 . Pearson correlations (r) between lnHF R-R and AIx@75, and between VO 2 max and AIx@75 in men (n = 39) and women (n = 41). and VO 2 max as predictors, only the model for men was found to be significant. Table 5 shows that the variables of VO 2 max and lnHF R-R account for an approximately equal percentage of the variation in AIx@75. Table 6 shows the results of a linear regression analysis with AIx@75 as the outcome and VO 2 max and lnHF R-R as predictors, for men and women. For women, no predictor was significant, indicating that AIx@75 was not a function of VO 2 max or lnHF R-R for women. Table 6 shows that for men the variables of VO 2 max and lnHF R-R were significant predictors of AIx@75, accounting for approximately 28.7% of the variation in AIx@75.
Discussion
The main finding of this study was that the associations between lnHF R-R and AIx@75 and between VO 2 max and AIx@75 were not the same in men and women. Additionally, VO 2 max was found to be a more robust indicator of AIx@75 versus lnHF R-R in a combined group of men and women, while in the men's group, VO 2 max and lnHF R-R accounted for approximately the same amount of variation in AIx@75.
In the current study, lnHF R-R and VO 2 max were correlated and were significant predictors of AIx@75 in men but not women. In men there was a positive correlation between lnHF R-R and AIx@75; for every unit increase in lnHF R-R there was a 4.6 unit increase AIx@75. This finding was particularly interesting since increased sympathetic tone has been found to be associated with increased AIx in men [25] , while parasympathetic tone is considered to impose tonic restrain could have a positive association with AIx@75. However, the mechanisms through which these branches of the autonomic nervous system act to increase AIx@75 might be different. The concept of a positive association between lnHF R-R and AIx is plausible, since lnHF R-R could result in the slowing of the heart rate [26] . This slowing of the heart could result in a greater ventricular ejection period of the cardiac cycle, which could lead to summation of both the incident and reflected wave [19] and thus increase AIx. Though this could be an explanation of how lnHF R-R could increase AIx, in the current study, heart rate was controlled at 75 beats•min
; therefore, reduced heart rate was not a contri- Women demonstrated a significantly higher mean AIx@75 versus men, which corroborated with prior work [27] . This greater AIx@75 can be explained in part by women being significantly shorter than men, therefore having smaller aortas, giving rise to reflection sites that are closer to the heart and therefore earlier wave reflections [28] . Although our finding of women having significantly higher mean AIx@75 values than men corroborated with the findings of one prior study [25] , women in the current study had a mean AIx@75 value that was greater than the value observed in the prior study. One possible explanation is that there could have been a difference in the phase of the menstrual cycle during which AIx@75 was measured in the current study versus the prior study. The phase of the menstrual cycle during which measures of arterial stiffness are taken is very important as arterial stiffness (of which AIx is an indicator) has been shown to differ during different phases of the menstrual cycle [29] .
There was no significant mean difference in lnHF R-R between men and women, although it has also been suggested that women have higher HRV versus men [30] .
Conclusion
The association between AIx@75, CVT, and cardiorespiratory fitness is not the same in men and women. In men, as CVT increased, so did AIx@75, and increased cardiorespiratory fitness was associated with reduced AIx@75; these associations were not observed in women. Additionally, in a combined group of men and women, cardiorespiratory fitness was a more robust predictor of AIx@75 versus CVT. Findings from the present study suggest that the association between pertinent cardiovascular health indices differ by gender. Additionally, these findings underscore the need to consider factors that could influence the relationship between known indicators of cardiovascular health when assessing the efficacy of protocols geared toward improving cardiovascular health.
While findings from the present study are intriguing, more research is needed in this area using larger sample size and different ethnic groups.
